Abstract
Introduction

Actinobacillus actinomycetemcomitans
is a Gramnegative rod that has been implicated in human periodontal diseases [l-4] . A. actinomycetemcomitans produces a number of virulence factors including capsules and fimbriae as attachment factors, endotoxin, immunosuppressive factor and leukotoxin [2, . The leukotoxin is genetically similar to leukotoxins of other species in the family Pasteurellaceae as well as with a-hemolysin of Escherichia coli [ 10,111. Recently several investigators have reported that strains of A. actinomycetemcomitans express hemolytic activity [12, 13] . We have demonstrated that A. actinomycetemcomitans produces a 12 kDa hemo-lysin which is enhanced by sulfhydryl reagents [13] . In order to confirm the hemolytic activity and to begin to understand the mechanism of action of the hemolysin, we have cloned the gene for the hemolysin from A. actinomycetemcomitans.
In this report, we describe the cloning and expression of two distinct hemolytic activities of A. actinomycetemcomitans in E. coli. JM109 was grown aerobically at 37°C in LB medium. The cloning vector pTZ18R was used for the construction of the A. actinomycetemcomitans genomic libraries.
Materials and methods
Bacterial strains and plasmid
DNA manipulation
All recombinant DNA procedures were carried out by methods described previously [14] . Purified chromosomal DNA from A. actinomycetemcomitans ATCC 43718 was partially digested with Suu3AI. Digested fragments were ligated with BamHI digested dephosphorylated plasmid pTZl8R. The ligated DNA was then transformed into E. coli JM 109 and inoculated onto LB agar plates containing ampicillin (50 ug ml-') and 5% defibrinated horse blood. Hemolysis due to E. coli clones was determined by red blood cell lysis around the colonies on LB blood agar plates after 24 h incubation at 37°C. 
DNA hybridization analysis
A nonradioactive DNA labelling and detection kit (Boehringer Mannheim Biochemicals, Indianapolis, IN) was used to construct an A. actinomycetemcomituns ATCC 43718 whole genomic DNA probe and pTZAa1 BamHI fragment DNA probe according to the manufacturer's recommended procedures. The grown cells for dot-blot DNA probe detection were suspended in TE buffer. Nucleic acid was extracted and denatured by a solution of 1.5 M NaCl and 0.5 M NaOH.
Hemolytic ussuy
Cells of E. coli clones were cultured in LB broth. After overnight culture, bacterial cells were harvested and washed with phosphate-buffered saline (PBS; pH 7.2). The washed cells were suspended in PBS, disrupted by sonication and centrifuged to remove cellular debris and protein content was adjusted to 2 mg protein per ml. The sonicated extract was incubated with 0.5% (v/v) human, horse, sheep or rabbit red blood cells at 37°C for 2 h. The mixture was centrifuged to remove unlysed erythrocytes. The supernatant was diluted and optical density was measured at 541 nm.
The effects of heat, proteinase K (Boehringer Mannheim), metal ions, chemicals and rabbit antiserum on the hemolytic activity were determined. Antisera against whole cells of A. actinomycetemcomitans ATCC 43718, Porphyromonas gingivalis TDC 16-1 or Eikenella corrodens FDC 375 were prepared by repeated immunization of the antigens in rabbits. All data shown are averages of three duplicate experiments.
Results
Hemolytic activities of E. coli clones
Isolation of hemolytic clones
Hemolytic transformants were screened on LB agar plates containing ampicillin and horse red blood cells. Two hemolytic clones, pTZAa1 and pTZAa2, were selected. The clone pTZAa1 had a 1.7 kb insert, clone pTZAa2 had a 7.1 kb insert fragment (Fig. 1) Sonicated extracts of hemolytic E. coli clones, pTZAa1 and pTZAa2, were able to lyse horse red blood cells. The hemolytic clones selected for the hemolysis of horse erythrocytes were examined for ability to lyse erythrocytes from other animals ( Table  1) . Both clones lysed erythrocytes from man and sheep. However, rabbit erythrocytes were not lysed by E. coli carrying any clone. The control E. coli strain carrying pTZ18R vector did not exhibit any hemolytic activity on erythrocytes from man, horse, sheep and rabbit. Sonicated samples of the hemolytic clones did not exhibit proteolytic activity on azocasein and azocoll, or phospholipase activity on p-nitrophenyl phosphoryl choline (data not shown).
The effects of heat and proteinase K on the hemolytic activities were determined (Table 2 ). Both hemolytic activities were inhibited by heat and proteinase K treatment.
These results suggest that the Table 4 Effects of rabbit antisera on hemolytic activities of sonicated extracts of E. coli clones Rabbit serum (dilution) Relative activity (%) pTZAa1 pTZAa2
None 100 100 Anti-A. actinomycetemcomitans ATCC 43718 (1: 100) 51 10 Anti-P. gingivalis TDC 16-1 (1: 100) 79 90 Anti-E. corroders FDC 375 (1: 100) 94 91 Normal rabbit serum 100 100
All data shown are averages of three duplicate experiments.
cloned hemolysins are heat-labile and proteinaceous. The effects of metal ions and chemicals on the hemolytic activities are shown in Table 3 . Addition of 2 mM Ca'+, 10 mM Mg2+ or Mn"+ resulted in a slight enhancing effect on the hemolytic activities of both clones, but 1 mM Zn *+ strongly inhibited those activities. EDTA had an inhibitory effect on the hemolytic activities of those recombinant clones. Cholesterol, 2-mercaptoethanol and dithiothreitol were inhibitory to the E. coli clone carrying pTZAa1. However, these chemical reagents had no effect on the hemolytic activity of clone pTZAa2. Rabbit antiserum raised against A. actinomycetemcomitans ATCC 43718 whole cells had an inhibitory effect on both hemolytic activities (Table 4 ). Intact rabbit serum or rabbit antisera to other periodontopathic bacterial whole cells exhibited little or no inhibitory effect on the hemolytic activities.
Discussion
Two distinct chromosomal fragments from A. actinomycetemcomitans ATCC 43718 were cloned by screening for the hemolysis of horse erythrocytes. DNA hybridization analysis and restriction maps of the clones indicate no homology.
E. coli strain with the vector pTZ18R failed to exhibit hemolysis, suggesting that the hemolytic activities are expressed by the insert of the recombinant plasmids. The inhibitory effect of rabbit antiserum to A. actinomycetemcomitans ATCC 43718 on the hemolytic activities of both clones confirmed this.
We have demonstrated that A. uctinomycetemcomitans strain 137HE produces thiol-activated 12 kDa hemolysin and another hemolysin which is enhanced in iron limited conditions but not by sulfhydryl reagents [13, 15] . We found those hemolysins possessed a lytic activity on rabbit as well as horse erythrocytes. The hemolytic clones, pTZAa1 and pTZAa2, were not enhanced by sulfhydryl reagents and did not lyse rabbit erythrocytes. These results indicate that A. actinomycetemcomitans may possess multiple and distinct hemolysins. Similarly, Drazec et al. [16] reported that six clones from Helicohacter pylori ATCC 49503 exhibited different hemolytic patterns with erythrocytes from a variety of animal species.
Hemolysins have been cloned from several oral pathogens and are considered a potential virulence factor contributing to the progress of periodontitis [ 17,181. The hemolysins from A. actinomycetemcomitans may also play a role in the intracellular survival of this organism or may have potent effects on human lymphocytes, macrophages and neutrophils [ 191. The A. actinomycetemcomitans hemolysins may target the immune system by causing toxicity to those immune cells.
